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Abstract 
 
The design of transformable products is difficult in comparison to the development of static products. 
This is due to the interdependency of various elements involved, developing working principle and 
proper mechanism and multi-functional requirements, before, during and after transformation. For 
example, the fundamental problems in the design of transformable products is that designers often have 
little experience and skills in transformable design process. As a consequence, the design concept for 
transformable products often being developed without much thought given to design concepts and 
engineering detail. This study aims to explore difficulties encountered by future designers in designing 
transformable products and present the causes of such difficulties to infer an effective transformable 
design process. Five students who major in industrial design have participated in this research. 
Participants were assigned a task to design a transformable flower lamp. The purpose of the task was to 
show blossom of the flower while it turns on the power. Moreover, participants were asked to design 
the structure of transformable flower in order to explain how the phenomenon of transformation works. 
During the design task, participants were facilitated to use a wide range of tools and methods as per 
their desires. In the meantime, they were interviewed and their task practices were video recorded. From 
verbal descriptions, several statements were analyzed that indicate difficulties in a direct and indirect 
sense regarding the design process. Such difficulties were categorized to identify its causes. The 
behavioral process in the task was analyzed to understand what (activity) was occurred when (time), 
and why (objective of activity). In the activity analysis, difficulties were matched with activity units to 
improve the transformable design process. The results suggest that the main difficulties in transformable 
design emerge due to the complex structure of transformable design which include design elements as 
well as engineering design elements. Though, typical product design need to consider both fields of 
industrial design and engineering design, but the overlapped area between them of transformable design 
is larger than the ordinary designs. Due to lack of knowledge required in the design of working principle 
for transformable design, the difficulties of additional systems’ applications and movement prediction 
generate the main difficulties in the design of transformable products. Besides this, the mediation 
between other design properties, such as appearance, movement, function, and use also generate 
difficulties. The reason is the usage of material space for each property, because of the interdependency 
among such properties. Furthermore, the interdependency causes the requirement for consideration of 
properties in various phases of transformation.  
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Introduction 
 
1 What is Transformable design? 
Transformation is a function that changes the existing configuration to a deployed one, or improves the 
present structure or functionality (Singh et al. 2009, Liapi 2001). Due to the obvious advantages and 
promising applications of transformation, the process has been used by various disciplines, such as 
architectural and civil engineering, mechanical engineering, etc. The society places interest in products 
that transform shape and functionality and use in various circumstances have grabbed the attention of 
industrial designers in transformable design. Yet, designers have used transformation as a function 
facilitator in various products, for example a folding bicycle (Sanders, 1987), transformable chair 
(Leathead, 2015), and smart cover for a tablet PC. Despite its practical and technical objectives, 
transformation is a source of fascination and act as a method of expression, for example kinetic art that 
express certain emotions (Parkes, Poupyrev, & Ishii, 2008), and movement change and color 
arrangement (Hoberman, 2004).  
Research on transformation has led the design community to define transformable design as a design 
field dealing with the development of products that show a state change of their physical configurations 
in order to facilitate new functionalities or enhance the existing functionalities (Singh et al., 2009; Liapi 
2001; Skiles et al., 2006; Weaver et al., 2010). Especially Singh (2009) defined the transformer as a 
system that changes state in order to facilitate a new functionality or enhance an existing functionality. 
The state of a product is its specific physical configuration in which the product performs a primary 
functions so that this definition of transformation does not include the chemical or electronical state 
change. A transformable product has multifunction capabilities that allow users to eliminate trade-offs 
between incompatible requirements, for example Strida bicycle1 (Sanders, 1987) exhibits multiple 
distinct states based on geometry, materials and kinematics to facilitate mobility functions (See Figure. 
1 as an example). As shown in Figure 1, a transformable chair called Exocet2 (Leathead, 2015) is a 
long chair that provides various positions and allows users to sit or lie in various postures as per their 
needs. Transformation in product design has, therefore several advantages, such as enhanced use of 
                                           
1 For Strida Bicycle, visit http://sanaigon.tistory.com/275) 
2 For Exocet chair, http://hiconsumption.com/2015/01/exocet-chair-by-stephane-leathead/) 
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space and material through functions sharing and the capability to change geometry. An increase in 
flexibility and accessibility that comes from being capable to switch between certain moments is an 
important aspect of transformable products (Weaver et al., 2010).  
 
 
(a)                       (b)                    (c) 
Figure 1. Examples of Transformable design  
 
Actually a lot of, and various types of product can be regarded as transformable design. For example, 
by the definition, simple pen with a cover also can be a transformable product. It has a change of 
physical state (Closing/Opening a cover) to facilitate the new functionality (Function of 
mobility/writing). Some drastically complex mechanisms like watch movement or automobile chassis 
is field of engineer. In this research, we focused on the transformable design in the certain level of 
complexity: Plural number of parts that can work and move as transformation. The parts are linked so 
that a work of a trigger (button, motor, lever, etc.) causes whole transformation like kinetic art to 
facilitate functionality. The functionality has practical (ex: fold to enhance a mobility) or emotional (ex: 
kinetic art) purposes.  
 
Figure 01. Complexity of transformation  
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1.1 Why transformable design?  
The products shown in Figure 1 have some benefits that differentiate them from the static products by 
the function of transformation. This is why designers need to learn and conduct transformable design 
process, because transformation is used to fulfill the practical and technical objectives. The Strida (See 
figure 1, a) is an example of such of applications. To facilitate the mobility, fold the frame and deactivate 
the function of the drive of bicycle. Various mechanical products have also been regarded as such type 
of transformation (i.e. engine, coupler, pump, button, cover). In fact, they are also common in our life. 
For example, to seal the bottle, we close a lid and to lock the door we use a key system. In short, 
transformable design can provide a change of function or function itself as transformation. 
Besides its practical and technical outcomes, the transformation sometimes acts as a method of 
expression. Kinetic art is an example of the application that expresses certain emotions. It is similar to 
the development of expression in Art, from a static view (picture) to kinetic view (video). Some artist 
(Calder, 1941; Rickey, 1972) had presented their art works from traditional sculpture by application of 
the movement. Hoberman (2004) has designed switch ball3 as a toy (See Figure 2) that transformed 
share and changed color when thrown.  
 
Figure 2. Hoberman Switch pitch 
The relationship between movement of transformation and emotion is also appeared in Art fields, for 
example dancing express certain emotions by movement. This phenomenon has been supported by 
several researchers [Brownlow and colleagues, 1997; Camurri and colleagues, 2003; Walk & Homan, 
1984) to investigate the relationship between dance and emotions 4 , where they revealed that a 
movement can transfer certain emotional effects to the viewers. Similarly, Häring et al. (2011) and 
Nakata et al. (1998) have investigated the role of body movements of a robot can draw intended 
                                           
3 For Switch ball, visit (http://cdn.teachersource.com/images/products/pop/hob300.jpg ) 
 
4 For dance and emotions, visit http://weknowyourdreams.com/dance.html) 
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emotions from users. Transformable design can also be a way of expression similar as product design 
aims to deliver good appearance as an expression of emotions. The above studies are the key examples 
in the transformation design that can be a way of expression. 
 
 
(a)                                     (b) 
Figure 3. Example of emotional effect of body movement 
 
These transformations provide various advantages that a static product doesn’t have. First, as explained, 
the transformable design can expand the purpose of product by facilitate different functions. For 
example, by transformation the multi-tool knife can be a knife, scissors, screwdriver, pincers or nippers. 
Second, the transformation can act as function itself. Exoskeleton is one of example. The movement, 
change of physical configuration (state) is a transformation and the movement is a function itself. Or, 
Transformation of kinetic art acts as a function that generates certain emotional effect. As shown in 
Figure 4, we designed a flower lamp –Lyun- with a transformation function. When a user wants to 
switch on the light, the flower lamp becomes blossom. In fact, a transformation function in the flower 
lamp intends to provide various appearances and some emotional effects to users via the movement of 
its petals. However, to achieve these advantages of transformable design, designers have to overcome 
the difficulties of transformable design. It is the reason why the study for this transformation is needed.  
This research aims to explore difficulties encountered by industrial designers in designing transformable 
products and present the critical aspects of such difficulties to improve the design process. To achieve 
this, we conducted a design experiment, where design-majored students had a chance to develop 
transformable products with a same brief. We recorded their design activities with video and carried out 
short contextual interviews repetitively to confirm their design activities. To analyze the data, we use 
protocol analysis method. The findings from verbal descriptions explored difficulties in transformable 
design and its causes were discussed to improve the design process. 
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Figure 4. Example of Lyun Flower Lamp  
 
1.2 Difficulties in transformable design  
Research on product design suggests that a design team should consider various elements in a product 
development process (Eppinger & Ulrich, 1995). Elements in product development process are 
interdependent (Evans, 1959), therefore it is crucial for a designer to consider not only the elements, 
but also the relationship between them. Hubka and Eder (2012) devised a technical system with external 
property and internal property for product design. External properties include function, aesthetics, 
ergonomics, cost, environment, and societal aspects. While, internal properties consist of the elements 
of engineering design.  
The example of Lyun flower lamp provides two concepts. Firstly, a transformable design can be a 
methodology for visual expression that differs with the static appearance of a typical product. Secondly, 
then what is needed to design a transformable product?  
Recently, design engineers and industrial designers were regarded as separate teams, but the product 
was the outcome of the interdisciplinary work of them. In such cases, industrial designers had to 
consider engineering elements as well in the concept design stage, which directly affect the movement 
and appearance of Lyun flower lamp. Therefore, designers need to understand transformable design to 
achieve the objectives of a Lyun flower lamp in terms of transformation.  
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Designing transformable products is more complicated than static products, and thus it may be a 
controversial issue in industrial design field. However, a very few design theorists have paid attention 
to systematic design methodologies for transformable structures (Skiles et al. 2006). Since, a product 
design is located in the middle of industrial design and engineering design (Horvath, 2004), and hence 
it can be regarded as an interdisciplinary work by industrial designers and engineering designers (Kim 
& Lee 2010, Eder, 2013). Actually, industrial designer is not an engineer so that cannot fully understand 
or carryout the role of engineering designer. So they cannot design drastically complex structure like 
the movement of clock automobile chassis. However certain level of understand to other fields can 
facilitate the communication of the team and provide designers with a new opportunities of generate an 
idea. In the transformable design also, knowledge of engineering seemed to be able to provide these 
advantages.    
To expand the scope of design and advances in identifying opportunities for transformable products, 
industrial designers should overcome difficulties in product design process when it comes to 
transformable design.  
Designing a transformable product is obviously difficult than a static product. Because, a transformable 
product has more design elements and the interdependency between each design element made it more 
complicated. We conducted our study with the aims to explore difficulties faced by designers in 
transformable design and discussed its causes as implications to improve the design process. 
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METHOD 
 
 
The research approach in this study aimed to explore difficulties in transformable design and its causes 
that could affect the efficiency of designers in the design process. Therefore, the research approach led 
to find out difficulties by observing and analyzing design activities in transformable design process. To 
do this, we approached the following experimental design: 
 
2 Experimental Design 
2.1 Participants  
We recruited five students (Male = 4, Female = 1), ages ranged from twenty-two to twenty-six years 
studying industrial design as a major subject in the UNIST in South Korea. They were novice in 
transformable design and we hoped that the difficulties in transformable design process would affect 
their design activities. It is obvious that a design expert needs some experience of practice to design 
products (Lawson, 2004), therefore in our study, participants were regarded as novice in designing 
transformable object while carrying out basic design activities. Each participant was expected to show 
difficulties in the same way a designer with no expertise in engineering conducts transformable design. 
Cross and Cross (1998) conducted protocol analysis for the ‘expert’ of engineering design and the expert 
designers had worked for a long time as engineers, therefore they can be regarded as experts. Contrary 
to this, our research aims to observe and analyse the design activities of novice participants.   
In the design practice, commonly workers in product development work as a team. However in this 
research we want to find difficulties of transformation in the idea generation process – what disturb the 
idea generation? Rather than considering difficulties from communication, we focused on the 
conceptual idea generation activity. By this reason, we studied works of each ‘single’ participant to 
observe idea generation process.   
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2.2 Design Task  
To observe and analyze the activities of participants, an experimental task was designed. To achieve the 
research goals, the experiment was designed to find out difficulties by analyzing transformable design 
process. We defined certain conditions for the design task which are shown below:  
• The difficulty of task must be at an appropriate level:  
If the task is too easy, participants can carry out it with no difficulties of transformable 
design. On the other hand, if the task is too hard, participants cannot accomplish their 
design process. Comparing with the level of complexity in figure 01, the subject of task 
needs to be located in the middle of level to answer the research question. Low level of 
transformation like pen, the difficulties is meaningless because it is too easy. Otherwise, a 
structure that too much hard is not appropriate subject as design task.  
• The task environment attempted to approximate a more natural working environment  
Some studies restrict variables to ensure the reliability of experiment by control variables 
(Leedy & Ormrod, 2005). However, we permitted with access to information via on 
internet connection.  
• The task subject must be able to answer for the research question:  
To solve the research question, we need to determine proper task subjects. The subject 
must be an outcome of the transformable design process. The task must show, how 
participants solve problems and encounter the difficulties during transformable design 
process.  
 
2.2.1 Design subject  
To fulfill the above conditions, this study needs to consider which subject is appropriate for the research.  
Because, failure of determination of appropriate task subject can be happened, in which participants can 
generate ideas as concepts which cannot explain the essence of the work. In addition, the outcomes may 
include transformable structure in a low level of difficulty. For example, folding or revolving with one 
joint has a low level of difficulty. Therefore, we set a proper difficulty level in our study. The Flower 
lamp can blossom while it turns on is one of an appropriate subject because, the flower lamp can fulfill 
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the following conditions of the task of our study: 
• The level of difficulty: 
To make fold-unfold working principle, a designer has to design plural number of petals and structures 
that need to transform. For example, the ‘Lyun’ can move three layers of petal with one movement of 
the trigger (See Figure 5). 
 
Figure 5. Inner structure of the Lyun flower lamp 
To move one petal, it needs at least two of revolving joint, movable frame and additional mechanism to 
move the frame. These structures needed for only folding-unfolding process of Lyun. To participants, 
designing working principle for blossom located in the border of possibility. They spent a lot of times 
to generate idea for transformation. Comparing with the transformable product which in the low level 
of complexity, the blossoming flower lamp 1) has various movement of parts 2) and the parts are linked 
as transformation system. 3) One trigger (button, lever, or other trigger) cause whole transformation of 
plural petals and turn on the lamp. So it provides appropriate level of difficulty as task subject.  
 
Furthermore, if a designer wants to design an additional movement, it needs more complex structure. 
As shown in Figure 2, the additional movements of petals and structure which can do additional stretch 
motions require more complex links. Hence, it has enough difficulty to find a meaningful data as 
difficulties that the designer experiences through transformable design process.  
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Figure 6. Transformable flower – movement and structure 
• Consideration of design elements      
There are various types of flowers with similarities, but in different movement in the blossom procedure. 
In this study, each participant can choose certain flower as a motive of the design subject. Therefore, as 
a designer, participants tried to consider not only working principles, but also additional design elements, 
such as appearance, usage, and interaction. There are various types of flowers and they have different 
shapes. According to the type of flower, a participant needed to design different appearance and 
movement which can affect the mechanism of transformation because each design element has 
interactivity with each other (Evans, 1959; Pahl & Beitz, 2013). Through this task, we expected to 
obtain data that indicate the difficulties from design process, engineering and interactivities among them. 
 
2.2.2 Task brief  
The task brief includes above conditions of task and instructs participants to design a transformable 
flower lamp. The following task brief is handed out to participants: 
• Design a flower-shaped lamp that shows blossom movement (transform) when it turn on  
• Method and tool for the design task are free. Whatever you want in the design task will be 
provided as possible.  
• External information sources are acceptable unless you do not completely replicate.  
• The lamp (product) design must explain how it works as possible.  
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• When you make a final outcome or failed to complete, finish the experiment. 
First condition provides a task subject to a participant. As explained in the section 2.2.1, the 
transformable flower lamp was the subject which needs to be designed in the experiment. The type of 
flower was free but must be able to transform (blossom). Second and third condition ensured the free 
environment similar to the design practice. In section 2.2, the need of free environment was explained. 
A fourth condition restricted minimum level of detail. Each participant was asked to describe the 
structure of lamp as possible. At least, the outcome has to be able to explain how it works. Otherwise, 
the task procedure would not generate enough data related to design transformation structure, and hence 
it would be difficult to find the difficulties of transformable design. After all, the task was finished when 
each participant completed the outcome of transformable design. At the first time we tried to use ‘Think 
aloud’ method to gather verbal data, but in the pilot test the experiment takes much time to use think 
aloud. As such, the participants in the experiment were interviewed continuously and periodically (at 
least 10min) to obtain verbal data. 
 
2.2.3 Experiment settings 
Based on the conditions of task (See section 2.2) and task brief (See section 2.2.2), the experiment 
settings were also designed as in Figure 7. The experiment was conducted in a separate room and 
participants were provided with a Laptop in which Photoshop, Illustrator, and Solidworks were installed 
and internet connection was also provided. Furthermore, sketch tools (i.e. A3 paper, sharp pencil, pen, 
marker), and prototyping tools (i.e. wooden skewer, form board, utility knife, glue) were also provided 
to the participants to fulfill the second condition (See section 2.2). The design task was arranged in a 
facilitated design studio where various quality equipment (i.e. 3D scanners, plotters, printers, scanners, 
computers) for the design were accessible to the participants. 
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Figure 7. Experiment settings 
 
 
Figure 8. Participants in the task. 
 
While participants were designing transformable products, we conducted contextual inquiry repetitively 
for about every 10 minutes or when some remarkable works were occurred. The questions were quick 
and short to minimize the interruption by the interviewer. We mainly inquired participants with the 
questions that (a) what is the particular difficulty in the design process? (b) what is your objective while 
the design process? (c) how your design outcome works? We tried to avoid asking all questions as it 
was contextual interview. We obtained verbal data related to (1) difficulties in the design process, and 
(2) participant’s behavior and their methods. In the final stage, when participants finished the task, we 
conducted an in-depth interview with participants regarding difficulties in the design process and their 
opinions on the design process. Moreover, their design activities were videotaped in order to collect 
verbal data from contextual interview, videos, and sketches and prototypes that participants generated. 
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3 Data Analysis   
3.1 Analysis Process    
The analysis process was defined to (a) find out difficulties from verbal data and categorization and, (b) 
analyze behavior of participants using the analysis framework (Section 3.3), and (c) compare the 
activities of participants with difficulties in order to the design process. 
In fact, protocol analysis method relies on both verbal and visual data. Therefore, we analyzed the verbal 
data to find participant statements that contain ‘difficulties’ and their remarks on the design process. 
However, activities were not directly indicated difficulties that could be highlighted to improve the 
transformable design process, therefore the framework of analysis to track participants’ activities was 
developed.  
3.2 Analysis of verbal description    
We firstly collected participants' remarks related to difficulties which are shown in the left column in 
Table 1 and arrange them in the reasons behind such difficulties in the right column. From verbal data, 
we obtained participants’ opinions regarding the design work using task procedures. We gathered 
sentences that indicate difficulties directly or indirectly that may imply negative effects on the design 
process. We were only focused to explore the difficulties in transformable design process which they 
reported directly or indirectly in their statements (See Table 1). 
From verbal data, a participant’s experience while working on design tasks can be reported a task 
procedure description, as notes: 
 
From above, it can be argued that the participants confronted difficulties due to lack of knowledge 
regarding the working principles and mechanism about the movement during the design task.  
“I conceptualized the movement, however I cannot find the example of a product 
that has such movements. I know that this movement can be existsed…. At least, if 
I know a product, such as the sharp pencil that I mentioned, I may be able to apply 
that directly.” 
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Participants met various difficulties during the design task procedure, for example a participant notes 
as:  
 
We analyzed the verbal data to identify the type of difficulties occurred by remarking the data and 
arrange them in the verbal description as shown below. 
The above statement exposed the difficulty during the sketch task. We analyzed these sentences to find 
out what type of difficulties existed and why the difficulties were occurred by observe and arrange the 
sentences in verbal description. 
 
 
Table 1. Verbal descriptions 
Verbal descriptions Reason why the verbal remarks indicate difficulties 
Difficult  
Directly indicates the difficulty which causes negative effects on 
the process 
Hard to 
Cannot 
Do not know 
Lack of knowledge and skills to perform design activities 
 
Need to /Have to /Must 
Necessary to do something, ‘something’ acts as a difficulty 
Have troubles to generate/select ideas 
Worry /Agonize /Concern 
/Think 
Have troubles to generate or choose ideas 
May be /Would be able to 
Show a possibility: Conversely, a participant cannot fully 
predict the effect of something. 
Want to 
A participant suggests an objective, but unable to complete due 
to certain reasons 
Misc 
Other descriptions that indicate a difficulty as barrier to achieve 
objectives 
 
 
"The most difficult phase for me is drawing a sketch during the design task." 
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3.3 Activity Analysis framework   
Various studies have compared the development process as a cycle, or iterative process (Asimow, 1962; 
Hall, 1962; N. Roozenburg & Cross, 1991; N. F. Roozenburg & Eekels, 1995). Although their design 
process models have differences, a typical design process is a repetition of problem statement-solving-
evaluation. The design process consists of various activities and each activity occurs to solve the design 
problem. We assumed that the difficulties act as a barrier that delay the execution of each activity for 
example, in case of sketching to design a folding structure, the difficulty delays the completion of the 
sketch process. In such, it will take much effort and time to complete or cause a failure (See Figure 9). 
To overcome this, we divided the whole task procedures of participants as ‘activity’ unit along the 
timeline. 
 
Figure 9. Location of the difficulty 
In order to figure out the difficulties and its implications through examine the activity units. As such, 
we could find out what was the difficulty, when and why the difficulty was occurred in which activity 
in the procedure. The participants would present difficulties during the procedure by both verbal and 
nonverbal data. Figure 10 explains how the findings can be drawn from observation and analysis of 
activities and additional data (sketch/speaking). To analyze the task, at first we divided the tasks as 
activity units in a proper way to fulfill the objectives of the study.   
 
Figure 10. Divide the task procedure as activity units. 
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3.3.1 Activity-based model 
In our study, we used the analysis method of ‘Activity based model’ devised by (Akin & Lin, 1995), 
which start from a dual-mode model. There are two modalities, verbal-conceptual mode and Visual-
graphic. As shown in Figure 10, the dark space means the attention of a designer during the process. 
The whole procedure is segmented as time. This model enabled us to catch which mode needs to be 
focused to appropriately analyze the activity.   
 
Figure 11. Dual-mode model 
However, it has a limitation in analysis, because verbal and visual data alone cannot explain the process 
appropriately. Therefore, we used the modified version of the model as an activity based model in which 
all the activities appeared in the design process are categorized as mode unit (See Figure 12).  
 
 
Figure 12. Activity-based model 
From this model, we observed participants ‘activities’ as per time frame. Each activity has an 
objective and the difficulties bother the success of each objective. The categorization of activities in 
the experiment can be defined appropriately to analyze the task process. 
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3.3.2 Activity categorization  
During the experiment, we covered all activities in the categories in order to indicate the objective of 
the activities. The activity-based model categorized into six modes, such as Drawing, Writing, Thinking, 
Examining, Listening and speaking based on all behaviors in the experiment.  Similarly, we also 
converted all task procedures to each activity unit, by categorizing activities based on the behaviors of 
the participants.  
Firstly, we categorized activities by usage of the tools in the experiment. Figure 13 shows the 
categorization of activities by tools with behaviors, such as behavior with tool and without tool which 
indicate direct and indirect objectives of the behavior. This categorization can reflect the type of 
activities because the purpose of using tools is the objective of activity. By categorizing the tools, we 
expected to know ‘what’ was done.  
The details of the tools in the experiment are described as follows: 
 
 
Figure 13. Categorization of activity by tools 
 
The details of the tools in the experiment are described as follows: 
Laptop: A Laptop was used to search the appearance, movement of flower and flower blossom, or tried 
to find a mechanism that can be referred to the design task.  
Sketch tool: Participants designed sketches using pen, pencil and marker to sketch on the paper to 
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generate ideas and refine iteratively.  
Prototyping tool: Participants made material objects to help 3D space movement prediction or to 
confirm the idea whether it is feasible.  
Without any tool: Participants occasionally agonized without any action. This activity categorized as 
‘Thinking’ which is defined as ‘agonize without any tools’.  
This categorization method can define all the activities during the task experiment. However, it explains 
the phenomenon of task that ‘when and what was occurring’. To figure out the difficulties of 
transformable design, we observed and analyzed the behavior of activities as well as the properties of 
each activity.  
Each activity of the design process occurs to construct elements of the design outcomes. The subject 
(participant) used mediating artifact (tools) to generate the properties of product (object) in purpose of 
design(generate outcome). Thus categorization by properties of product helped us to categorize the 
elements of transformable design. We utilized the technical system (Hubka and Eder 1996) for external 
and internal properties of design elements. As in their technical system, the internal properties lie in the 
area of engineering designers that shows transformation operations in the design characteristics. While 
the internal properties show the roles of art and industrial designers. The categorization of external and 
internal properties can be applied to the concept of transformable design. As compared with traditional 
static design, transformable design shows a more direct and frequent mutual influence with internal 
properties and external properties, because the transformation of products affects both properties. The 
properties can be regarded as objectives of the activities. For example, the participants drew a shape of 
petal to satisfy certain level of aesthetics. In this case, the activity (sketch) was conducted to fulfil the 
aesthetics of internal properties.  
Categorization with tools can include all activities during the candidate task, and internal and external 
properties can also be regarded as objectives of each design behavior. To fulfil the condition, the 
categorization of activity unit should be the synthesis form of behavior and objective to explain the 
difficulties of transformable design. 
Figure 14 shows the process of categorization to find difficulties. The categories are explained as 
follows: 
Observation for Internal and External Properties (OI/OE): If a participant ‘observe’ something, this 
action can be classified in this category. If a participant observed a mechanism of other machines in the 
design process, this activity finally categorized as observation of Internal Property activity, while 
observing a flower blossom can be regarded as an External property activity. 
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Sketch for Internal and External Property (SI/SE): Participants mainly used the sketch as a description 
tool. The behavior of the sketch can be obviously classified. The objective of this activity was 
determined by what was drawn. If the appearance, shape, function, environment, or other external 
properties was drawn, the behavior would be classified as a sketch for External Property. Otherwise, if 
a sketch was conducted to design mechanism or working principles, or other internal properties, this 
case would be classified as a sketch for Internal Property.  
Prototyping: Participants sometimes tried to make a prototype for various purposes. In practice, there 
are various types of prototyping (alpha/beta, working prototype, or others) for different purposes, but 
we consider prototypes only for the Internal Properties type objectives. 
Thinking: Without any tools, if a participant agonized through certain terms, the activity was classified 
as Thinking. In most cases, the Thinking appeared infrequently and briefly.  
Speaking: This activity includes interview, conversation and discussion and record verbal data which 
are not considered in the action/behavior analysis of the tasks, because this activity cannot influence 
the task procedures. 
 
 
Figure 14. Categorization process 
 
In Section 3.3, we determined the analysis framework. After that, we arranged data from experiments 
in the framework. Overall behaviors in the task were classified as each activity category along the 
timeline. Figure 15 shows the analysis framework. At first, we divided the timeline unit as 1 minute but 
it was too long to catch the behavioral process appropriately. So, we decided to use 30 second as a unit 
for timeline division. Based on the video recording, the activities of participants were described in the 
table as ◆ mark in each blank in the table. If participants perform two or more activities, then select 
an activity that is conducted in a larger time.    
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Figure 15. Modified Activity-based model framework 
 
 
 
 
 
 
 
 
 
21 
 
 
RESULTS 
 
 
4 Difficulties in Transformable Design  
A successful design requires multidisciplinary approaches in the design process [Gericke et al. 2013], 
because the design factors and variables are systematically interdependent [Eppinger et al. 1994], and 
may radically affect the design process of transformable design. Thus, our study aims to explore the 
difficulties faced by designers during transformable design and presents interrelationship between the 
difficulties and the design process. To achieve this, we organized the types of difficulties that appear 
during the design task and observed its implications in the design process.  
 
4.1 Difficulties from verbal description  
As described in section 3.2, participants showed several difficulties in transformable design directly and 
indirectly in their remarks on the design process. We then categorized such difficulties in order to find 
the reasons behind each difficulty which may indicate difficulty as a barrier to complete the activity. 
The results include five categories representing the difficulties that participants faced during 
transformable design and the causes of such difficulties explained in the following subsections.  
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Table 2. Result of experiment  
The table 2 shows the result of experiment. Right column of each participant show the number of 
sentence that indicating the difficulties and left column show the time of sentence. However, the number 
of sentence and degree of influence is not proportional to each other. It only indicates that existence of 
difficulty. Only difficulties of 4 participants were analyzed because participant E was special case. The 
participant E, will discussed in the section 5.1   
 
4.1.1 Difficulties in developing working principle 
To design transformable products, the structure of working principle is necessary to be designed. 
Because, elements of the working principles in transformable design are transformation principles and 
facilitators [Singh 2009] that are required for the inner structure as internal properties of the proposed 
transformable product.  
 
• Lack of knowledge in developing working principles and mechanism for transformation  
As participants in this study were novice in engineering design, since they had not enough knowledge 
and skills to structure transformable system. For example, they were failing to retain the rotation with 
two or more axis from different angles. When they wanted to transfer the power from motor to axial 
direction, the usage of crank shaft could be helpful (See Figure 16, a5). Likewise the knowledge about 
                                           
5 Figure 14, a. Crank shaft, http://images.motorcyclesuperstore.com/productimages/300/2008_Hot_Rods_Crankshaft_Assembly.jpg ) 
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the universal joint (Figure 16, b6) could help when they tried to transfer power through two or more 
axis in different angle. But otherwise they didn’t know, then they needed to create similar structures by 
their own capability, since it required mechanical engineering skills.  
 
          
(a)                           (b) 
Figure 16. Examples of the parts for mechanical system. 
 
The knowledge and skills to develop working principles and mechanism act as a breakthrough when 
participants encounter such difficulties. The following examples from user reports showed such 
difficulties. As participant 'A' notes: 
 
Participant 'A' tried to find and apply a structure that can be narrowed and widen when rotated its one 
part to make blossom movement, due to lack of knowledge about the mechanism 'A' faced difficulties 
in the design process. Knowledge and skills to develop working principles are crucial to conduct 
transformable design. This finding support the argument of Horvath 2004 about the location of product 
design – the transformable design, as product design, is located in the center of industrial design and 
product design. Because the movement needs various parts, this characteristics of product design 
became more remarkable in transformable design process. 
 
                                           
6 Figure 14, b. Universal joint, http://img.directindustry.com/images_di/photo-g/7884-3797069.jpg ) 
"I already determined the movements of each part. But, I think power transfer is the 
most difficult thing. I tried to conceptualize, but I do not understand how to transfer 
the power to each part, and I do not know the name of the part which I want to use. 
I think I am not able to progress the design. Participant A, 0:34:30". 
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• Difficulties of application from other systems 
Participant 'D' tried to mention the working principle of umbrella to design a structure that can blossom. 
Due to the difference between reference structure and target object, participant 'D' faced difficulty. For 
example, participant 'B' tried to apply a structure of a powder brush7 (See Figure 17, a). As 'B' notes: 
 
 
     
(a)                          (b) 
Figure 17. Original structure (a) and sketch of participant B(b) 
Participant 'B' wanted to design a flower lamp in which the petals are spread one by one when it turned 
on. 'B' prompted the working principle of a brush to narrow and spread each of its wires. For example, 
when a user covers the cap, the brush is contracted. Otherwise, a user opens the cap and the wires of a 
brush may diffuse. However, the movement of the wires occurred at the same time, which required 
additional design. As 'A' notes: 
 
                                           
7 Figure 14, a, Powder brush. http://image.ec21.com/image/bandobp/koimg_GC00100534_CA00100560/CA00100560.jpg ) 
 
"The brush is contracted when a user covered it. I reminded the motion of the brush 
and tried to apply it on the movement, but I think the petals are not diffused one by 
one gradually. Participant B, 0:14:30". 
 
"I observed this flower. When it blossomed, the petals spread and revolve. I 
think the shape and movement has close resemblance with umbrella. I gener
ated an idea that estimated the mechanism of the lamp. Participant A, 0:08:
00” 
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Participant 'A' tried to bring up the working principle of umbrella. The transformation of umbrella is 
similar with the blossom of a flower. According to 'A', there is no idea I come up with to use the working 
principle of umbrella, because the structure is not appropriate to achieve objectives for the target 
transformable object.  
 
Figure 18, shows the applications of the working principle of the original object into target object and 
differences between them.  
 
 
 
 
 
 
 
 
 
 
• Difficulties of movement prediction  
When participants designed transformable objects, firstly they conceptualized the transformable 
structures. In fact, it is similar to the idea generation process. But, the prediction of movement in a 3D 
space is not easy. As the level of difficulty increases, the prediction becomes harder. 
 
In this case, the participant C tried to configure the transformable object. At the interview he explained 
how his design works but during the interview he found an error. It came from failure of the movement 
prediction. Because virtual space in one’s mind not fully reflect the reality, this type  
Target Original 
Target Original 
Figure 18. Original object and Target object 
“Middle axis does not move. Then this part is located in this way… I’m blocked 
continuously… ” (Participant C, 0:30:30) 
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of error occurred. In this case, there were differences between the participant’s prediction and  material 
world. This difference acted as barrier to successful transformable design.  
 
Participant B said that she could not convince her design whether it will work or not. This type of 
complication brings some confusion, error and uncertainty. To overcome the difficulty, participants 
were allowed to use sketches and prototyping methods to confirm the validity of their ideas. It can be 
argued that prediction by imagination with a prediction by sketches has more enhanced validity. 
Participants guessed the course of movement and composition of structures with line and shape on the 
sketches. However, it may also generate errors.  
More precisely, a valid method to confirm prediction is the prototyping method. By constructing and 
then testing the prototype models, participants could evaluate the validity of their own ideas. But, the 
validity is proportional to the amount of efforts involved in the design process. 
 
4.1.2 Difficulties of mediation the design elements of external/internal property 
Product design can be regarded as interdisciplinary work that includes industrial design and engineering 
design. Because of the interdependency among the design elements, the mediation between external 
property and internal property is necessary. Considering external property and internal property in a 
design process can frequently  make collision between them. In this case, the interaction of external 
property and internal property act as barrier that disturbs the design process.   
 
• The problems of using material space  
In transformable design, each part of a product needs a space to be located. For example, an ordinary  
 
“I thought that if I make this as an inclined plane like that, the petal will tilt by the 
height of angle. But I could not get the feel of movement. I cannot convince whether 
it work or not unless I confirm the movement of each petal by my eyes.” (Participant 
B, Last interview) 
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product has package and a space where inner structure can be placed. Similarly, in transformable 
products, both external and internal properties use a space, because they hold physical structures, 
mechanism and a space for movement. In case of static products, the connection of external and internal 
properties can be relatively fixed. A transformable product has moving and changing shapes of the 
properties. Therefore handling the space is complicated and somehow seems to be unpredicted. As 
participant 'C' notes: 
 
Participant 'C' used rack and pinion gears to transfer rotation movement in a linear direction in order to 
create a blossom movement as shown in the sketch (Figure 19, left). However, this mechanism needs 
some space which is marked with orange circles in Figure 19 as an example. Participant 'C' disliked its 
shape, because the gears may harm the appearance of the lamp. As participant 'B' notes: 
 
From 'B' notes, the same problem as 'C' was encountered. To facilitate blossom (transform), 'B' needs 
to add a moveable part that has a vertical movement path. Because of the movement of this part, an 
additional space was needed for a support leg. 
Comparing with an ordinary static product, transformable design needs more consideration about the 
space that necessary  for the movement of the transformable products. In some cases, the elements 
related to physical appearance also need a space which causes a collision between the elements, such 
as aesthetic elements and mechanical elements.  
 
"It is ridiculous. The gear itself is strange and the shape does not fit on it. Participant 
C, 0:35:30". 
 
"To fold petals to the point, this part must be elevated to a certain point. Then, to 
fully unfold, this part needs to go down to such points. So, I made a leg, but I do not 
like it. I want to remove it. Participant B, 0:21:00)". 
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(a)                                  (b) 
Figure 19. Collision of external property and internal property  
 
• Difficulties of design properties in various phases of transformation  
Transformable design has various substantial states, because of the transformation. A simple 
transformable product may compose of at least three phases of transformation that need to be considered 
before, during, and after transformation. These features also require additional efforts. As 'A' notes: 
 
 
Participant 'A' faced difficulty of the middle phase (during) in the transformation process and hence, 
the design process was affected. In fact, a movement has ‘course’ and ‘velocity’ that act as variables of 
communication. During the design process, movement, shape and its elements in the procedure of 
transformation need to be considered. 'A' needed to consider not only the appearance of the object at a 
certain time, but also other physical features of the lamp in comparison with the object that has static 
appearance. As shown in Figure 20, participant ‘B’ sketched the process of transformation where the 
goal was the shape of each phase to satisfy user’s needs – mainly aesthetic requirements and match with 
the shape of other phases. 
 
"I think, if I designed the flower lamp, while considering only the shape at starting 
and ending point, it would be easier. I want to describe the detail movement of a 
blossom and try to test it, but It was quite difficult to do. Participant A, 0:51:00". 
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Figure 20. Sketch for various phases of a transformable product 
 
4.2 Results of activity analysis  
Using modified analysis-based model framework, we observed the task process and observed 
behavioral elements of each participant. Moreover, we tried to figure out barrier in the transformable 
design process and its implication on the design process. In section 4.1, from a verbal description of 
participants the difficulties of transformable design were presented, and categorized them to identify 
the causes of such difficulties. The following sections described the results of activity analysis.  
 
4.2.1 Activity summary in the Process  
The composition of a single activity was shown as Figure 15 as an example, the behavior of participants 
were shown as ◆ indicating activities for each category. (*SE/SI: Sketch for External/Internal 
property, T: Thinking, OE/OI: Observation for External/Internal property, P: Prototyping)  
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Figure 21. Activity composition 
Figure 21 shows the summary of activities, participants spent a huge amount of times to perform SI 
activity and obviously it is larger than the time spent on SE activity. It implies that designers need 
more time to design internal property in a transformable object.   
4.2.2 Activity transition in the Process  
Through single activity, we may find temporal features. For example, the single part of SE indicates 
that a participant performs SE. It is crucial to analyzed activity transitions in order to understand the 
process as a flow, because the difficulty of transformable design acts as a barrier which can influence 
the design process. 
• OE(Observation for External property)/SE(Sketch for External property)  
As shown in Figure 22, in the beginning, participants started from OE and moved to SE. During the SE 
process, participants reviewed to know and observe the motive of a Flower blossom. In the task, 
participants observed movies of a flower blossom and started to generate parts of external property 
(appearance, function, texture, movement course, etc) in the beginning of the design process.  
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(a)                                 (b) 
Figure 22. Early process of participant C (a) and D (b) 
• OE(Observation for External property) or SE(Sketch for External property) / SI(Sketch for Internal 
property)   
Based on the result of SE and OE, participants structured design through SI. Participant referred the 
shape and movement from the motive (flower blossom: External properties) when they tried to make 
mechanism and a system (Internal properties). It means that participants had considered and referred 
external property, though they conducted processes related to internal property. This is closely related 
to the interdependency of design. As shown in Figure 23, in case of SE to SI transition, after 
conceptualizing the appearance and movement (external property) of design through OE and SE, 
participant had tried to construct a mechanism (internal property) through SI.  
 
Figure 23, Transition from OE/SE to SI in the process of participant A 
As shown in Figure 24, the case of SI to OE transition, after conceptualizing the appearance and 
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movement (external property) of design through OE and SE, participant had tried to construct a 
mechanism (internal property) through SI. During SI, some participants performed OE activities 
infrequently to refer the shape and movement of flower blossom in the movie and consider the external 
property.  
 
 
 
Figure 24. Transition from SI->OE/OE->SI in the process of participant B 
• OI(Observation for Internal property)/SI(Sketch for Internal property)   
Participants used their knowledge about the transformation mechanism in constructing internal 
property as explained in section 4.1.1. However, sometime they have no idea to make movement or 
need to bring forth other references (lack of knowledge about internal property). During the internal 
property process (SI), participants tried to perform OI to find and refer the mechanism. As shown in 
Figure 25, participant ‘D’ tried to construct a mechanism through SI after SE and performed OI to find 
some reference structures.   
 
Figure 25. SI<-> OI transition of participant D  
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• Thinking / other activities 
In this research ‘Thinking’ is defined as ‘the activity without any tools, but only just agonize about 
design'. In fact, Thinking is hard to be defined as external property or internal property without speaking. 
But adjacent activities can give a clue for the objectivity of Thinking activity. For example, if the 
Thinking activity is located between SI (Sketch for Internal property) objectivities, then Thinking can 
be regarded as an agonizing to construct internal property. Furthermore, Thinking activity was located 
between activities for internal property. It implies that a participant had difficulty to generate ideas for 
internal property. For internal property, the participant required more time to generate ideas and carried 
out the design procedure (See Figure 26). 
 
Figure 26. Example of a Participant C 
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Participant C tried to generate ideas for working principle instead of conducting OI. Thinking activity 
was frequently appeared in the SI process. The transition between SI and T was occurred iteratively to 
develop the working principle.  
 
• Prototyping / other activities 
In prototyping experiment, two types of prototype were used, a simple prototype that cannot 
structuralize full technical system, but test movement with a frame (See Figure 27, a), and another is a 
prototype test of the system (See Figure 27, b). Participant A conducted to predict and guide the 
movement while participant B conducted to test and evaluate the mechanism for transformation. But 
both types of prototyping activities were located between internal property activities. For external 
property, participants preferred to use a drawing. 
 
  
(a)                         (b)  
Figure 27. Example of prototyping activities by participant A (a) and B (b) 
As shown in Figure 28, the prototyping type (a) was conducted in a short period of time to support 
movement prediction during internal property activities while (b) was conducted in a long period of 
time to test and evaluated internal property structure. 
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(a)                                (b) 
Figure 28. Activity transition of Prototyping by participant A (a) and B (b)  
 
The transition of activities can be summarized as Figure 29.  
 
 
Figure 29. Task process 
 
In summary, firstly participants set external property of a product, such as appearance, movement, 
feeling, and texture. Later, they started to design internal property of the product to fulfill the external 
property. Mainly the participants used sketch as an idea generation method. In some cases, they 
agonized to generate or evaluate the idea of internal property/external property. During the idea 
generation step of internal property, participant tried to search other working principles that can be 
applied to internal property or observed flower movies to consider external property. Even Sketch for 
internal property or sketch for external property, they also consider other properties during the activity. 
After that, through a number of idea generations and evaluations, participant made the outcome as a 
flower lamp.   
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4.2.3 Implication of difficulties in transformable design on the behavior 
The findings from verbal descriptions of participants are categorized into two parts, firstly the difficulty 
of designing working principle and secondly the mediation between exterior design and interior 
structure. It implies that the difficulties come from the additional consideration of elements of 
engineering design. In the consequence of interdependency among the design elements (interior and 
exterior), the mediation between external and internal properties is needed in the design process, 
because external and internal properties of product design often create a collision with each other which 
act as a barrier in the design process. Therefore, a successful design requires multidisciplinary 
approaches during the design process (Gericke et al. 2013), because design factors and variables are 
logically interdependent (Eppinger et al. 1994), which can interrupt transformable design process. 
Summary of difficulties is described in Figure 30. 
 
 
 
Figure 30 Types of difficulties in transformable design. 
 
We encoded difficulties as C1.1 ~ C2.2 and presented their implications on the design process by 
analyzing the activity-based model framework in terms of activities 
  
• Implication of C1.1 (Lack of knowledge in developing working principles and mechanism for 
transformation) 
Participant A at 0:34:30 represents a C1.1 as shown in section 4.1.1. Comparing with activity based 
model framework of the participant A (See Figure 31) have not performed OI(observation for internal 
property) because participant A did not know the name of the part he/she wants. Lastly, the participant 
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tried to perform OI at 0:40:00 for other structures but he/she mentioned the finding from OI which were 
not matched with his/her desire activities. 
 
Figure 31. Participant A’s behavior neighboring the C1.1 (0:34:30) 
 
Participant C also mentioned the C1.1 at 0:18:00. Instead of finding other mechanism, he/she iteratively 
generated the idea and agonized through SI(sketch for internal property)/Thinking.  
 
Figure 32. Participant C’s behavior neighboring the C1.1 (0:18:00) 
 
Likewise, when participants encountered the difficulty (C1.1), they tried to: 
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1) Generate one’s idea (SI/T) to satisfy the design specification for transformation  
2) Search other transformable object or related information (OI) that can help them solve problems. 
In many cases, the C1.1 acts as a direct barrier to the design process. If the participant neither generates 
appropriate method nor finds an application mechanism, he (or she) needs to modify the structure and 
movement. 
 
• Implication of the C1.2 (Difficulties in applying other working principles to the design) 
C1.2 was appeared around SI(sketch for internal property) after OI(observation for internal property) 
(Figure 33) to find some information for working principle. Then the participant tried to apply the 
structure of the objective from OI. C1.2 occurred when the process after of transition from OI to SI.   
 
 
Figure 33. Participant B’s behavior neighboring the C1.2 (0:16:00) 
 
Mostly, participants used OI to find an application mechanism. Figure 34 shows a trial of the participant 
A and found a working principle and thought that it could be applied to design the structure for 
transformation what he/she wants. Although, the working principle had a similar appearance with the 
movement, in fact the movement was not matched appropriately enough.      
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Figure 34. OI of participant A  
 
Likewise, C1.2 acts as a barrier by two ways:  
1) Difference of actual movement disturbs the application 
2) Difference of structure between the original object and target design disturbs the application.   
To overcome this complication, participants needed to modify the original/target system as the 
appropriate way so that incapacitate the difference, or adopt other proper mechanism that can match 
with the target system.   
 
• Implication of the C1.3 (Difficulties of movement prediction) 
C1.3 appeared in the process of transformable design in this task. Participants always tried to generate 
an idea for transformable structure and as explained in the section 4.1.1, got trouble in prediction of the 
movement and structure. Even sketch, could not fully describe the transformation because it is a virtual 
model on the 2D surface. Sometimes, it not only acted as a barrier, but also cause errors. Some of their 
outcomes  included errors or, they could not convince their outcomes, whether it works as intended 
way or not.   
In this research, participant made prototype ing in order to overcome the difficulty. As explained in the 
transition of Prototyping/other activities, two types of prototyping were appeared. Both prototyping 
activities appeared among the SI(sketch for internal property) processes (See Figure 28). The C1.3 was 
mainly occurred in the process of generation idea stage (SI/Thinking). The prototyping was both the 
evidence and solutions for the existence and its effect on the design process of C1.3.    
When participants sketch the structure, they showed a tendency to draw sectional view to describe the 
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working principle (Figure 35) but looks like a trial that evade the confusion.    
 
 
Figure 35. Sketch of participant D that describing the working principle 
 
• Implication of the C2.1 (The problems of interrupting component) 
Participant C mentioned the collision between (0:35:00) external property and internal property. The 
problem was the structure that needed to facilitate the transformation function harmed the appearance 
of the object. However, participant C failed to generate or refer new appropriate mechanism or other 
way of application so that he/she sacrificed the quality of appearance (external property).  
Likewise, the C2.1 mainly appeared in the SI (sketch for internal property) process when they feel some 
collision between his/her intention about mechanism and appearance of objects.  
 
 
Figure 36. Participant C’s behavior neighboring the C2.1 (0:35:00) 
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Participant B mentioned similar problems (0:21:00) but through idea generation and modification, 
he/she found another way to remove the bothering structure.  
 
Figure 37. Participant B’s behavior neighboring the C2.1 (0:21:30) 
 
This implication actually appeared in sketch more remarkably. Even they sketch to design internal 
property, they also consider external property partially. Figure 38 shows some sketches of participant C 
and B. Likewise, the sketch (Figure 26) of participants considered appeared during design the structure 
for internal property.   
  
(a)                    (b) 
Figure 38. SI of the participant C (a) and B (b) 
 
• Implication of the C2.2 (Difficulties of considering properties of various phases in 
transformation) 
As the transformable object has various phases of transformation, participants had to consider each 
phase. During SI(sketch for internal property) phase, the participant A (0:51:00) and D (0:38:00) 
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mentioned that they experienced the C2.2 because of the movement of blossom. As a method of 
emotional expression, the movement acted as external property. But to design structure to enable 
movement, the additional effort to internal property side is needed.   
  
(a)                                  (b) 
Figure 39. Participant A’s behavior (0:51:00, a) and D (0:38:00, b) neighboring the C2.2  
Furthermore, the sketches (Figure 19, Figure 20, Figure 35, Figure 40) include the view of various phase, 
it means that participants tried to consider both external property/internal property in each 
transformation phase. It acts as a difficulty and required more effort to design. Such difficulties also 
have intersectional areas with C2.1(The problems of interrupting component) The transformation 
movement needed additional space in many cases like the case of participant B explained in the section 
4.1.2.     
 
 
Figure 40. SE of participant C 
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4.3 model of difficulties in transformable design process   
 
Figure 41. Model 
Figure 41 shows the difficulties in transformable design process as barriers and its solution for 
participant. The model shows the conclusion of this research. There are two types of difficulties, the 
difficulty of design working principle and, the mediation of the design elements of external property 
and internal property. They act as a barrier that disturb the achievement of objectives in the design 
process. The elements of difficulties stated in the difficulty area. Solutions and countermeasures that 
participants tried to the difficulties stated at solution areas and matched with each difficulty are 
presented. The complication of design working principle represented the difficulty from consideration 
of internal property, and the mediation the design elements of external property and internal property 
reflect the strong interdependency of transformable design. Some difficulties about external property 
also might be existed, but participants have not represented noticeable complication point about  pure 
external property.  
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Discussion 
 
5 Discussion 
5.1 The use of 3D CAD tools in transformable design process 
One of Participants (E) in this study had used Solidworks to design 3D objects for transformable design. 
The participant had not presented any activity transitions but only worked with 3D CAD modeling until 
they finished the tasks. In such, the CAD modeling act as both SI, SE (Sketch for Internal/External 
property) and P(Prototyping) and hence, the generation of ideas for working principle, appearance and 
evaluation/test by prototyping were occurred at the same time so that hard to compared with other 
participant through activity based model. In the activity based model framework which was used in this 
research divided activity units as Sketch for Internal/External property, Observation for 
Internal/External property, Prototyping, Thinking, Speaking. However, the CAD Modeling can be 
regarded Sketch for Internal/External property and Prototyping. It could not be classified as a unit so 
that we could not analyze the activities of participant E through the model. Furthermore, the 3D CAD 
modeling works conducted in a 3D space which may not cause any confusion occurred in the 2D 
workspace. As in the difficulty of C1.3, the participant E had some knowledge about mechanical parts. 
As shown in the Figure 42, this participant used a universal joint to transfer the power. It seems that he 
was certain experience in designing moving parts. So the result of participant E was not dealt in the 
above sections. However, he/she spent a lot of time (285 min) to complete his work using 3D CAD. We 
expected that if a designer has enough 3D CAD skill, it will be helpful to design transformable structures. 
Participant B and D also mentioned, if they have 3D CAD skills, then it would be helpful to design 
transformable objects.   
 
Figure 42. Model of the participant E  
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5.2 Implication of the results  
The model shown in Figure 41 describes the causes of difficulties and how they can be handled in the 
design process. At the solution space of the model, based on participants counter measures about the 
difficulties, the causes of difficulties and their determinations imply the instinct characteristics of 
transformable design. Such difficulties can be utilized in education and methodology.  
Industrial designers are not engineering designer, therefore they cannot fully understand and use the 
knowledge and skills related to transformable design. However, they need to understand and acquire 
the engineering part related to the transformable design, such as knowledge about mechanical part, 
working principles and design skills. The causes and determinations of the difficulties of transformable 
design can be a ground of education in this view. We hoped that some guide book or toolkit that can 
help the transformable design is needed. Participants mentioned that they could not realize the working 
principles because of lack of knowledge or difficulties of application. For each case of movement that 
the designer intended, a tool kit or guidebook will be helpful to suggest a proper working principle or 
mechanism.  
The mechanism of link work is shown as an example in Figure 43 which explains link works and 
examples of usage for each link work. It can be argued that if participants had knowledge about link 
work, then they can design the transformable flower more easily.  
 
 
Figure 43. Usage of the Link work 
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Figure 03. Act of Transformable design knowledge DB/Library 
Likewise, we suggest that the need of studies to develop a transformable design knowledge 
database/Library. The DB can provide appropriate guidelines and examples for the transformation 
movement which designer want to realize. Via support of knowledge and experience, we expect that a 
designer will be able to use transformation as functionality  
 
5.3 Relationship between external property and internal property   
We used the concept of external and internal properties of Hubka and Eder (1996) because the concept 
of external property and internal property can appropriately explain the role of industrial/art and 
engineering designer in the product design. To the participants, the difficulties from external property 
were not appear remarkably. Most of verbal description was related to internal property (C1.1, C1.2, 
C1.3) or interdependency between each element of properties (C2.1, C2.2). Product design was already 
located in between the industrial design and engineering design. However as industrial designer, the 
participants tried to use transformation function as method of expression (flower blossom movement). 
Because the transformation is mechanical function, it closely related to the part of engineering and most 
of difficulties seem to come from internal property. Furthermore not only transformable design, the 
product design process also considers internal property and external property. It makes a lot of collision 
between them because of their interdependency. Kim (2011) stated that the most remarkable issue of 
these collisions is the use of material space. In the product design process, almost things are appeared 
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through the use of material space and it also includes the internal property and external property and 
they need the space. Even between external property and external property, or internal property and 
internal property, the collision on the space can occur. The problem mentioned in the C2.1. To resolve 
this collision, designer need to apply new, and appropriate structure or sacrifice some part of each 
propertiy. Furthermore, the transformation need more space to move. About both internal property and 
external property, designer needs to consider the movement and interaction of them. It was one of the 
major causes of difficulties of transformable design.  
The participants represented some tendency that design the elements of external property at first step 
and tried to apply internal property to make it. In the framework, the OE and SE were conducted prior 
to the SI and OI. It implies that, the generation of concept was started from the part of industrial design.   
 
5.4 Limitation and further study  
In this research, we used periodical interview to find out difficulties during, and end of the experiments 
to gather their views through verbal descriptions. Comparing with the think-aloud, there can be some 
omitted data that we did not catch. Limitations of the study emerge from the number of participants. 
We just analyzed five students. To generalize the result of this research, we need to conduct further 
analysis with enough number of participants. Furthermore, the expert level of the participant will be 
needed. This research only analyzed the implications of transformable design for novice. Although the 
result suggested the implication of a transformable design approach, more research is required.  
Participants of this study were Korean students. However, there can be a cultural/gender effect. Sharma 
(2014), in his research argued that people use strategies based on cultural experiences (belief, every day 
and school experience) when they conduct a task. Also, there can be a influence of difference of gender. 
In this research 1) only one female participated and 2) remarkable difference of gender was not found. 
The difficulties of transformable design that found in this research seemed to affect to most of novice, 
but the implication or type of difficulties, degree of influence can be different according to cultural 
experience/education/gender or other personal characteristics. It was limit of this research and need to 
be dealt in the further studies.  
We just dealt the idea generation of each participant as single designer. However, the ideas from single 
member, is communicated, refined and integrated. There can be other difficulties of transformation as 
a team work.   
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In the view of practice, the participants just conducted concept design. In the case of practice, from 
concept design to the roll out of product, the designer will need to consider more things that not dealt 
with the concept design process. In the further studies, we aimed to the application of transformable 
design to practice to figure out its implication. As explained, the movement can facilitate the new or 
existing functionality, and generate a certain emotional effect to the user. Specifically, the emotional 
effect from transformation as newer expresser may need to be studied to widen the possibility of 
industrial design.  
 
6 Conclusion 
In this research, we tried to figure out the difficulties of transformable design. Actually, it is obviously 
difficult than designing the product that has a static appearance and structure. The aim of the thesis is 
to explain the difficulties which occur during the transformable designing. The difficulty is a 
phenomenon that appeared in the design process, which acts as a barrier and disturbs the progress of 
the design process. We focused on the cause of these phenomena, that’s why it occurs and what is its 
implication on the process? At first, we observed and analyzed the verbal descriptions during the design 
process to check the views of participant and then to find the causes of their difficulties. Then we design 
a model of barriers which comes from the implication of difficulties of transformable design.  
From the results we found that the participants experienced difficulties in developing working principle 
or mechanism. Lack of knowledge in developing working principles and mechanism for transformation, 
difficulties of application from other systems and difficulties of movement prediction comprise this 
difficulty. Also to structuralize the properties, designer need to use material space but the space was 
limited; it made problems as collision. Furthermore, the transformable design has the function, 
‘transformation’ so that there is a multiple phase of product that has different appearance. The 
participants needed to consider all the things of each phase. These difficulties implicated to the process 
as barrier that disturbing the progress. Our model for difficulties of transformable design explained 
these implications and countermeasures to the difficulties.  
Although the difficulties exist in the transformable design process obviously, but here we try to explain 
and find the solution for these difficulties. We expected that the result of this research will be able to 
suggest a basic knowledge for education and methodology for the transformable design.  
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Appendix 
 
Behavior traction by Activity based model framework 
• Participant A 
 
 Activity 
Time SE SI Thinking OE OI Prototyping Speaking 
0:00:00 
Task brief 
0:00:30 
0:01:00 
0:01:30 
0:02:00    ◆    
0:02:30    ◆    
0:03:00 ◆       
0:03:30    ◆    
0:04:00    ◆    
0:04:30    ◆    
0:05:00    ◆    
0:05:30    ◆    
0:06:00    ◆    
0:06:30    ◆    
0:07:00 ◆       
0:07:30 ◆       
0:08:00       ◆ 
0:08:30    ◆    
0:09:00  ◆      
0:09:30  ◆      
0:10:00  ◆      
0:10:30  ◆      
0:11:00  ◆      
0:11:30  ◆     ◆ 
0:12:00  ◆      
0:12:30  ◆      
0:13:00     ◆   
0:13:30     ◆   
0:14:00   ◆     
0:14:30  ◆      
0:15:00     ◆   
0:15:30     ◆   
0:16:00  ◆      
0:16:30       ◆ 
0:17:00  ◆      
0:17:30  ◆      
0:18:00  ◆      
0:18:30  ◆      
0:19:00  ◆      
0:19:30  ◆      
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0:20:00  ◆      
0:20:30  ◆      
0:21:00  ◆      
0:21:30  ◆      
0:22:00  ◆      
0:22:30  ◆      
0:23:00  ◆      
0:23:30       ◆ 
0:24:00       ◆ 
0:24:30       ◆ 
0:25:00       ◆ 
0:25:30       ◆ 
0:26:00  ◆      
0:26:30  ◆      
0:27:00  ◆      
0:27:30  ◆      
0:28:00  ◆      
0:28:30  ◆      
0:29:00  ◆      
0:29:30  ◆      
0:30:00  ◆      
0:30:30  ◆      
0:31:00  ◆      
0:31:30  ◆      
0:32:00  ◆      
0:32:30  ◆      
0:33:00  ◆      
0:33:30  ◆      
0:34:00  ◆      
0:34:30       ◆ 
0:35:00       ◆ 
0:35:30  ◆      
0:36:00  ◆      
0:36:30       ◆ 
0:37:00       ◆ 
0:37:30  ◆      
0:38:00  ◆      
0:38:30  ◆      
0:39:00  ◆      
0:39:30  ◆      
0:40:00     ◆   
0:40:30     ◆   
0:41:00  ◆      
0:41:30  ◆      
0:42:00  ◆      
0:42:30  ◆      
0:43:00  ◆      
0:43:30  ◆      
0:44:00  ◆      
0:44:30     ◆   
0:45:00     ◆   
0:45:30     ◆   
0:46:00       ◆ 
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0:46:30  ◆      
0:47:00  ◆      
0:47:30  ◆      
0:48:00  ◆      
0:48:30  ◆      
0:49:00  ◆      
0:49:30  ◆      
0:50:00  ◆      
0:50:30  ◆      
0:51:00       ◆ 
0:51:30       ◆ 
0:52:00       ◆ 
0:52:30       ◆ 
0:53:00       ◆ 
0:53:30       ◆ 
0:54:00       ◆ 
0:54:30  ◆      
0:55:00  ◆      
0:55:30  ◆      
0:56:00  ◆      
0:56:30  ◆      
0:57:00      ◆  
0:57:30      ◆  
0:58:00      ◆  
0:58:30  ◆      
0:59:00  ◆      
0:59:30  ◆      
1:00:00  ◆      
1:00:30  ◆      
1:01:00      ◆  
1:01:30  ◆      
1:02:00      ◆  
1:02:30  ◆      
1:03:00  ◆      
1:03:30     ◆   
1:04:00     ◆   
1:04:30     ◆   
1:05:00       ◆ 
1:05:30       ◆ 
1:06:00       ◆ 
1:06:30       ◆ 
1:07:00      ◆  
1:07:30  ◆      
1:08:00  ◆      
1:08:30  ◆      
1:09:00  ◆      
1:09:30     ◆   
1:10:00     ◆   
1:10:30     ◆   
1:11:00  ◆      
1:11:30  ◆      
1:12:00       ◆ 
1:12:30       ◆ 
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1:13:00  ◆      
1:13:30  ◆      
1:14:00  ◆      
1:14:30  ◆      
1:15:00       ◆ 
1:15:30       ◆ 
1:16:00  ◆      
1:16:30  ◆      
1:17:00  ◆      
1:17:30  ◆      
1:18:00  ◆      
1:18:30  ◆      
1:19:00  ◆      
1:19:30  ◆      
1:20:00  ◆      
1:20:30  ◆      
1:21:00  ◆      
1:21:30  ◆      
1:22:00       ◆ 
1:22:30        
1:23:00  ◆      
1:23:30  ◆      
1:24:00  ◆      
1:24:30  ◆      
1:25:00       ◆ 
1:25:30       ◆ 
1:26:00       ◆ 
1:26:30  ◆      
1:27:00  ◆      
1:27:30  ◆      
1:28:00  ◆      
1:28:30  ◆      
1:29:00  ◆      
1:29:30  ◆      
1:30:00  ◆      
1:30:30  ◆      
1:31:00  ◆      
1:31:30  ◆      
1:32:00  ◆      
1:32:30  ◆      
1:33:00  ◆      
1:33:30       ◆ 
1:34:00  ◆      
1:34:30  ◆      
1:35:00  ◆      
1:35:30  ◆      
1:36:00       ◆ 
1:36:30       ◆ 
1:37:00  ◆      
1:37:30  ◆      
1:38:00  ◆      
1:38:30  ◆      
1:39:00  ◆      
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1:39:30  ◆      
1:40:00  ◆      
1:40:30  ◆      
1:41:00  ◆      
1:41:30  ◆      
1:42:00  ◆      
1:42:30  ◆      
1:43:00  ◆      
1:43:30  ◆      
1:44:00  ◆      
1:44:30  ◆      
1:45:00  ◆      
1:45:30  ◆      
1:46:00  ◆      
1:46:30  ◆      
1:47:00  ◆      
1:47:30  ◆      
1:48:00  ◆      
1:48:30  ◆      
1:49:00  ◆      
1:49:30  ◆      
1:50:00  ◆      
1:50:30  ◆      
1:51:00  ◆      
1:51:30  ◆      
1:52:00  ◆      
1:52:30       ◆ 
1:53:00       ◆ 
1:53:30  ◆      
1:54:00        
1:54:30        
1:55:00        
1:55:30       ◆ 
1:56:00       ◆ 
1:56:30       ◆ 
1:57:00       ◆ 
1:57:30       ◆ 
1:58:00       ◆ 
1:58:30       ◆ 
 
• Participant B 
 Activity 
Time SE SI Thinking OE OI Prototyping Speaking 
0:00:00 
 0:00:30 
0:01:00 
0:01:30    ◆    
0:02:00    ◆    
0:02:30    ◆    
0:03:00    ◆    
0:03:30    ◆    
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0:04:00       ◆ 
0:04:30       ◆ 
0:05:00 ◆       
0:05:30 ◆       
0:06:00    ◆    
0:06:30  ◆      
0:07:00    ◆    
0:07:30  ◆      
0:08:00   ◆     
0:08:30      ◆  
0:09:00      ◆  
0:09:30   ◆     
0:10:00  ◆      
0:10:30  ◆      
0:11:00  ◆      
0:11:30     ◆   
0:12:00  ◆      
0:12:30       ◆ 
0:13:00  ◆      
0:13:30     ◆   
0:14:00     ◆   
0:14:30  ◆      
0:15:00       ◆ 
0:15:30       ◆ 
0:16:00       ◆ 
0:16:30       ◆ 
0:17:00       ◆ 
0:17:30       ◆ 
0:18:00       ◆ 
0:18:30  ◆      
0:19:00  ◆      
0:19:30  ◆      
0:20:00  ◆      
0:20:30  ◆      
0:21:00       ◆ 
0:21:30       ◆ 
0:22:00       ◆ 
0:22:30   ◆     
0:23:00   ◆     
0:23:30  ◆      
0:24:00  ◆      
0:24:30  ◆      
0:25:00  ◆      
0:25:30  ◆      
0:26:00       ◆ 
0:26:30       ◆ 
0:27:00  ◆      
0:27:30  ◆      
0:28:00  ◆      
0:28:30  ◆      
0:29:00  ◆      
0:29:30  ◆      
0:30:00  ◆      
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0:30:30       ◆ 
0:31:00       ◆ 
0:31:30  ◆      
0:32:00       ◆ 
0:32:30       ◆ 
0:33:00     ◆   
0:33:30    ◆    
0:34:00      ◆  
0:34:30      ◆  
0:35:00      ◆  
0:35:30      ◆  
0:36:00      ◆  
0:36:30      ◆  
0:37:00      ◆  
0:37:30      ◆  
0:38:00      ◆  
0:38:30      ◆  
0:39:00      ◆  
0:39:30      ◆  
0:40:00      ◆  
0:40:30      ◆  
0:41:00      ◆  
0:41:30      ◆  
0:42:00      ◆  
0:42:30       ◆ 
0:43:00      ◆  
0:43:30      ◆  
0:44:00      ◆  
0:44:30      ◆  
0:45:00      ◆  
0:45:30      ◆  
0:46:00      ◆  
0:46:30      ◆  
0:47:00      ◆  
0:47:30      ◆  
0:48:00      ◆  
0:48:30      ◆  
0:49:00      ◆  
0:49:30      ◆  
0:50:00      ◆  
0:50:30       ◆ 
0:51:00      ◆  
0:51:30      ◆  
0:52:00      ◆  
0:52:30      ◆  
0:53:00      ◆  
0:53:30       ◆ 
0:54:00      ◆  
0:54:30      ◆  
0:55:00      ◆  
0:55:30       ◆ 
0:56:00      ◆  
0:56:30      ◆  
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0:57:00      ◆  
0:57:30      ◆  
0:58:00      ◆  
0:58:30      ◆  
0:59:00      ◆  
0:59:30      ◆  
1:00:00      ◆  
1:00:30      ◆  
1:01:00      ◆  
1:01:30      ◆  
1:02:00      ◆  
1:02:30      ◆  
1:03:00       ◆ 
1:03:30      ◆  
1:04:00      ◆  
1:04:30      ◆  
1:05:00      ◆  
1:05:30      ◆  
1:06:00      ◆  
1:06:30      ◆  
1:07:00      ◆  
1:07:30      ◆  
1:08:00      ◆  
1:08:30      ◆  
1:09:00      ◆  
1:09:30      ◆  
1:10:00      ◆  
1:10:30      ◆  
1:11:00       ◆ 
1:11:30       ◆ 
1:12:00      ◆  
1:12:30      ◆  
1:13:00      ◆  
1:13:30       ◆ 
1:14:00       ◆ 
1:14:30       ◆ 
1:15:00       ◆ 
1:15:30       ◆ 
1:16:00       ◆ 
1:16:30   ◆     
1:17:00      ◆  
1:17:30        
1:18:00  ◆      
1:18:30  ◆      
1:19:00  ◆      
1:19:30  ◆      
1:20:00  ◆      
1:20:30  ◆      
1:21:00  ◆      
1:21:30  ◆      
1:22:00  ◆      
1:22:30  ◆      
1:23:00  ◆      
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1:23:30  ◆      
1:24:00  ◆      
1:24:30  ◆      
1:25:00  ◆      
1:25:30  ◆      
1:26:00  ◆      
1:26:30  ◆      
1:27:00  ◆      
1:27:30       ◆ 
1:28:00  ◆      
1:28:30  ◆      
1:29:00  ◆      
1:29:30  ◆      
1:30:00  ◆      
1:30:30  ◆      
1:31:00  ◆      
1:31:30  ◆      
1:32:00  ◆      
1:32:30  ◆      
1:33:00       ◆ 
1:33:30  ◆      
1:34:00  ◆      
1:34:30  ◆      
1:35:00       ◆ 
1:35:30       ◆ 
1:36:00       ◆ 
1:36:30       ◆ 
1:37:00       ◆ 
1:37:30       ◆ 
1:38:00       ◆ 
1:38:30       ◆ 
1:39:00       ◆ 
 
• Participant C 
 Activity 
Time SE SI Thinking OE OI Prototyping Speaking 
0:00:00 
Task Brief 
0:00:30 
0:01:00 
0:01:30 
0:02:00    ◆    
0:02:30    ◆    
0:03:00    ◆    
0:03:30    ◆    
0:04:00    ◆    
0:04:30    ◆    
0:05:00    ◆    
0:05:30    ◆    
0:06:00    ◆    
0:06:30 ◆       
0:07:00 ◆       
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0:07:30 ◆       
0:08:00 ◆       
0:08:30   ◆     
0:09:00  ◆      
0:09:30   ◆     
0:10:00   ◆     
0:10:30   ◆     
0:11:00   ◆     
0:11:30  ◆      
0:12:00  ◆      
0:12:30  ◆      
0:13:00   ◆     
0:13:30   ◆     
0:14:00   ◆     
0:14:30   ◆     
0:15:00   ◆     
0:15:30  ◆      
0:16:00   ◆     
0:16:30       ◆ 
0:17:00       ◆ 
0:17:30   ◆     
0:18:00       ◆ 
0:18:30       ◆ 
0:19:00       ◆ 
0:19:30  ◆      
0:20:00   ◆     
0:20:30  ◆      
0:21:00  ◆      
0:21:30  ◆      
0:22:00   ◆     
0:22:30  ◆      
0:23:00   ◆     
0:23:30  ◆      
0:24:00   ◆     
0:24:30   ◆     
0:25:00   ◆     
0:25:30  ◆      
0:26:00   ◆     
0:26:30   ◆     
0:27:00  ◆      
0:27:30       ◆ 
0:28:00       ◆ 
0:28:30  ◆     ◆ 
0:29:00   ◆     
0:29:30   ◆     
0:30:00  ◆      
0:30:30  ◆     ◆ 
0:31:00   ◆     
0:31:30  ◆      
0:32:00       ◆ 
0:32:30  ◆      
0:33:00  ◆      
0:33:30  ◆      
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0:34:00   ◆     
0:34:30   ◆     
0:35:00   ◆    ◆ 
0:35:30  ◆      
0:36:00  ◆      
0:36:30  ◆      
0:37:00       ◆ 
0:37:30       ◆ 
0:38:00       ◆ 
 
• Participant D 
 Activity 
Time SE SI Thinking OE OI Prototyping Speaking 
0:00:00 
Task brief 0:00:30 
0:01:00 
0:01:30    ◆    
0:02:00    ◆    
0:02:30 
Task Brief 
 
0:03:00        
0:03:30        
0:04:00        
0:04:30        
0:05:00        
0:05:30    ◆    
0:06:00    ◆    
0:06:30    ◆    
0:07:00    ◆    
0:07:30    ◆    
0:08:00 ◆       
0:08:30 ◆       
0:09:00 ◆       
0:09:30       ◆ 
0:10:00    ◆    
0:10:30 ◆       
0:11:00    ◆    
0:11:30 ◆       
0:12:00    ◆    
0:12:30    ◆    
0:13:00     ◆   
0:13:30       ◆ 
0:14:00     ◆   
0:14:30     ◆   
0:15:00     ◆   
0:15:30       ◆ 
0:16:00       ◆ 
0:16:30 ◆       
0:17:00 ◆       
0:17:30 ◆       
0:18:00       ◆ 
0:18:30       ◆ 
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0:19:00    ◆    
0:19:30    ◆    
0:20:00    ◆    
0:20:30 ◆       
0:21:00 ◆       
0:21:30 ◆       
0:22:00 ◆       
0:22:30 ◆       
0:23:00 ◆       
0:23:30 ◆       
0:24:00 ◆       
0:24:30 ◆       
0:25:00       ◆ 
0:25:30     ◆   
0:26:00     ◆   
0:26:30  ◆      
0:27:00  ◆      
0:27:30  ◆      
0:28:00  ◆      
0:28:30        
0:29:00  ◆      
0:29:30  ◆      
0:30:00       ◆ 
0:30:30  ◆      
0:31:00  ◆      
0:31:30  ◆      
0:32:00     ◆   
0:32:30     ◆   
0:33:00     ◆   
0:33:30       ◆ 
0:34:00  ◆      
0:34:30  ◆      
0:35:00  ◆      
0:35:30  ◆      
0:36:00  ◆      
0:36:30  ◆      
0:37:00  ◆      
0:37:30  ◆      
0:38:00  ◆      
0:38:30       ◆ 
0:39:00       ◆ 
0:39:30  ◆      
0:40:00   ◆     
0:40:30   ◆     
0:41:00   ◆     
0:41:30      ◆  
0:42:00      ◆  
0:42:30       ◆ 
0:43:00       ◆ 
0:43:30       ◆ 
0:44:00       ◆ 
0:44:30       ◆ 
0:45:00       ◆ 
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0:45:30   ◆     
0:46:00     ◆   
0:46:30     ◆   
0:47:00     ◆   
0:47:30      ◆  
0:48:00  ◆      
0:48:30      ◆  
0:49:00     ◆   
0:49:30     ◆   
0:50:00       ◆ 
0:50:30       ◆ 
0:51:00     ◆   
0:51:30    ◆    
0:52:00       ◆ 
0:52:30   ◆     
0:53:00       ◆ 
0:53:30       ◆ 
0:54:00     ◆   
0:54:30     ◆   
0:55:00     ◆   
0:55:30   ◆     
0:56:00     ◆   
0:56:30  ◆      
0:57:00  ◆      
0:57:30  ◆      
0:58:00  ◆      
0:58:30  ◆      
0:59:00  ◆      
0:59:30  ◆      
1:00:00  ◆      
1:00:30    ◆    
1:01:00  ◆      
1:01:30  ◆      
1:02:00  ◆      
1:02:30  ◆      
1:03:00  ◆      
1:03:30  ◆      
1:04:00  ◆      
1:04:30  ◆      
1:05:00  ◆      
1:05:30  ◆      
1:06:00  ◆      
1:06:30  ◆      
1:07:00  ◆      
1:07:30  ◆      
1:08:00  ◆      
1:08:30   ◆     
1:09:00       ◆ 
1:09:30   ◆     
1:10:00   ◆     
1:10:30     ◆   
1:11:00     ◆   
1:11:30   ◆     
66 
 
1:12:00   ◆     
1:12:30   ◆     
1:13:00  ◆      
1:13:30       ◆ 
1:14:00       ◆ 
1:14:30       ◆ 
1:15:00       ◆ 
1:15:30       ◆ 
1:16:00       ◆ 
1:16:30       ◆ 
1:17:00       ◆ 
1:17:30       ◆ 
1:18:00       ◆ 
1:18:30       ◆ 
1:19:00       ◆ 
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Sketches of Participants  
• Participant A  
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• Participant B  
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• Participant C 
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• Participant D  
 
 
73 
 
 
 
 
 
